A detailed account is given about the mode of attachment and histopathological effects of Macrogyrodactylus clarii Gussev, 1961, a viviparous monogenean from the gills of the catfish Clarias gariepinus. Most parasites attach their haptors to the proximal region of the gill filament (primary gill lamellae), while few specimens were seen attached to the distal region. Attachment of the haptor was achieved mainly by the blade of the hamuli, but no evidence was found indicating the participation of marginal hooklets in the attachment. The hamuli of M. clarii penetrate into the interlamellar epithelium of the gill tissue. Some evidences were found to indicate that M. clarii may also utilize suction force during haptoral attachment. The pathological effects of M. clarii are manifested by breakdown of the coating epithelium, necrosis of the epithelial cells, vacuolations inside and outside the host cells, fusion of the gill lamellae, rupture of blood capillaries, infiltration of erythrocytes and degeneration and fibrosis of the interlamellar epithelium. The host response includes the appearance of lymphocytes, mucoid secretions and hyperplasia of the tissue at the site of attachment.
Introduction
The Nile catfish Clarias gariepinus (syn. C. lazera), one of the most important freshwater fishes in Africa (Bishai and Khalil 1997) , is parasitized by monopisthocotylean monogeneans belonging to the genera Quadriacanthus Paperna, 1961 , Paraquadriacanthus Ergens, 1988 (quoted by Kritsky 1990 , Gyrodactylus Nordmann, 1832 and Macrogyrodactylus Malmberg, 1957 . Although there are several studies on the mode of attachment of polyopisthocotylean monogeneans to the gills of the host fish (for example, Llewellyn and Simmons 1984) , little is known about the corresponding aspect in the monopisthocotylean monogeneans (for example, El-Naggar et al. 2001a, Reda and . One of the aims of the present investigation is to throw light on the mode of attachment of Macrogyrodactylus clarii to the gills of C. gariepinus.
The effect of monogenean parasites on their microhabitats has been studied by many authors (e.g. Shukla 1990, Kagel and Taraschewski 1993) . These studies have identified mortality in a wide variety of economically important fish in aquaculture systems (Amatyakul 1972 , Ogawa and Egusa 1980 , Cone et al. 1983 . The extent to which a parasite species can harm its host is dependent on the size, mobility and mode of attachment of the parasite (Borucinska and Caira 1993) .
Gyrodactylids are unique among monogeneans in that they are viviparous and multiply rapidly by a kind of polyembryony (Kearn 1994) . By their rapid multiplication, they may harm and even kill their fish hosts before the fish's immune system can control the parasite. Gyrodactylids have been implicated as potential pathogens of a broad spectrum of freshwater and marine fishes (for example, Ogawa and Egusa 1980 , Cone et al. 1983 , Johnsen and Jensen 1986 . Gyrodactylus salaris, for example, was found to be an important pathogen of Atlantic salmon, Salmo salar (see Jensen 1991, Sterud et al. 1998 ) and caused mortality among fishes inhabiting the rivers draining into the Russian White Sea (Malmberg 1993) . It has been reported in aquaria that heavy infections of Polypterus senegalus with the gyrodactylid monogenean Macrogyrodactylus polypteri may contribute to depleted oxy- ; af -anterior muscular flap; as -accessory sclerites, bp -body proper, db -dorsal bar, e -embryo; gf -gill filament, gl -gill lamellae, h -hamulus, ha -haptor, hap -haptoral papillae, hg -head glands, hl -head lobe, i -intestine, lflateral muscular haptoral flap, mh -marginal hooklets, pf -posterior haptoral flap, ph -pharynx, t -testis, u -uterus gen levels and death of the fish (Saoud and Mageed 1969) , and parasites that appear to be harmless in the natural environment may multiply excessively in aquaria and become harmful to their host.
In Egypt, there have been few studies on the pathological changes caused by monogenean parasites to the gills of fish hosts (Aly et al. 1995a, b; El-Seify et al. 1998 , El-Naggar et al. 2001a , Reda and El-Naggar 2003 . Arafa (1999) studied feeding attitudes of M. congolensis, a monogenean skin parasite of C. gariepinus and found some evidence of histopathological effects. Because of the commercial importance of C. gariepinus and its possible suitability for fish farming, and because it harbors potentially pathogenic monogenean parasites, it was decided to extend this histopathological study to the gill parasite M. clarii found on the same host and to explore possible host responses to the parasite. (Burchell, 1822) were caught from the River Nile near Mansoura city, Daqahlia province, Egypt. Fishes were kept alive in an aquarium containing aerated river water. Fishes were killed and the gills removed, placed in a dish containing filtered river water and searched for M. clarii using a stereomicroscope. The mode of attachment of the living parasites to the host gills was observed. A fine needle was introduced between the gill tissue and the haptor of attached specimens and between the bottom of the glass dish and the haptor of detached specimens. Some specimens of M. clarii were detached from the gill filaments, flattened and examined using light microscope. Some whole mounts of the parasite were prepared according to El-Naggar et al. (1999) .
Materials and methods

Specimens of the Nile catfish Clarias gariepinus
Gills with attached parasites and those of uninfected hosts were fixed in 10% formaldehyde for 2-8 hours. The gills were washed several times in distilled water, dehydrated in an ascending series of ethyl alcohol and cleared in xylene. They were then transferred into a mixture of xylene and wax, and finally immersed and orientated in pure paraffin wax. Thereafter, gills with and without parasites were sectioned at a thickness of 4-5 µm using a microtome. Sections were rinsed in xylene, hydrated in a descending series of ethyl alcohol, washed in distilled water, stained in haematoxylin and eosin, cleared in xylene and finally mounted in Canada balsam or DPX. Other fresh gills, with and without M. clarii were processed for semithin, toluidine-blue-stained sectioning according to ElNaggar and Kearn (1983) . Sections were examined and photographed using bright-field and phase-contrast microscopy. Figure 1A describes the major internal anatomical features of the monogenean parasite Macrogyrodactylus congolensis as revealed by examination of the fresh flattened specimens, whole mount stained preparations and stained sections. The parasite has a body proper with two anterior head lobes and a posterior attachment organ (haptor). The haptor is equipped with one pair of hamuli, eight pairs of marginal hooklets, two connecting bars, 5 pairs of accessory sclerites and 16 pairs of marginal hooklets. Two of the marginal hooklets occur one in each anterolateral lobe protruding from the anterior region of the haptor while the other 14 ones are found in a posterior flap projecting from the dorsal surface of the haptor. There are two rows of tegumental haptoral papillae located ventrally, one on each lateral margin of the haptor. Also, the haptor has four muscular flaps; one anterior, one posterior and two lateral.
Results
I. Normal structure of the gills of Clarias gariepinus: The catfish C. gariepinus has 4 gill arches on each side. Each gill arch accommodates a single row of gill rakers on the dorsal side with respect to the body of the fish. The gill morphology of the uninfected specimens of C. gariepinus is resembles that of other teleost fish species (Wilson and Laurent 2002) . The gill hemibranch is made up of double rows of gill filaments (primary gill lamella) from which arise perpendicularly the gill lamellae (secondary gill lamellae). In the core of the gill filament is a rigid mass of cartilaginous tissues ( Fig. 2A, B) . The entire mass of the gill filament is covered by basement membrane and thick layer of stratified squamous epithelium (Fig. 2B ). The covering epithelium of the gill lamellae consists of thin layers of cells enclosing a blood spaces which are kept separate by pillar cells (Fig. 2C ). Between the gill lamellae, the filament is lined by a thick stratified epithelium comprised of several cell types, such as pavement cells (Fig. 2B , C). Other kinds of cells, probably gland cells were distinguished in the interlamellar tissues and the outermost epithelial layer covering the lateral edges of the gill filaments ( Fig.  2D, E) .
II. Mode of attachment of M. clarii to the gills of the host: Observations on attached living specimens of M. clarii revealed that the haptors of most individuals examined were attached to the proximal region of the inner surface of the gill filaments in the interhemibranchial space. However, on a few occasions, the haptor was seen attached to the distal region of the filament. The parasites dislodged immediately when a fine needle was introduced between the gill tissues and the haptor of attached specimens or between the bottom of the glass dish and haptors of detached specimens.
The parasite attaches itself to the gill filament in a way, which enables the ventral surface of the haptor to enclose a great portion of the filament including at least 5 gill lamellae (Figs 1B, 3A) . Toluidine-blue-stained sections showed elevation of the gill tissue at the site of attachment when compared with the neighboring gill areas, free of monogenean parasites (Fig. 3A) . The haptoral papillae are enclosed between the lateral haptoral muscular flap and tissue of the host (Fig. 3A, B) . The lateral muscular flaps of the haptor that attach firmly to the interlamellar tissues produce distinct transverse furrows (Fig.  3C) . The anterior and posterior muscular flaps of the haptor were also seen attached firmly to the lateral edges of the filament. In many sections examined, the pointed hooked regions of the hamuli were seen inserted into the interlamellar epithelium or into the tissue of the gill filament free of gill lamellae (Fig. 3D, E) . In spite of an extensive examination of serial sections at the site of attachment, no evidence was found to indicate that the marginal hooklets have a role in attachment, i.e. they were not seen inserted into the tissues of the host.
III. Local effects of M. clarii on the gills of C. gariepinus and host response: Examination of the gills of the living host C. gariepinus heavily infected with M. clarii using a dissecting microscope revealed that the gills had lost their natural red colour and become covered with mucoid secretions.
The most characteristic histopathological effect of M. clarii is the formation of depressions particularly where the anterior, posterior and lateral flaps of the haptor come into contact with the gill tissues (Fig. 4A, B) . At the site of these depressions, the epithelial cells appear compressed (Fig. 4B, C) . Moreover, attachment of the haptor leads to the compression of the neighboring gill lamellae so that they come closer to each other and appear in an abnormal position. Subsequently, the gill lamellae become depressed, undulating and with a little space between them (Fig. 4D) . In some cases, the terminal portions of the gill lamellae fuse with each other where they touch particularly the blood capillaries (Fig. 3A) . Also, rupture of the interlamellar epithelial tissue and damage to the gill lamellae were detected, including breakdown of the outermost layer of the epithelial cells, pillar cells and blood capillaries (Figs 3A; 4B, E). Degeneration of the interlamellar epithelial cells was clearly demonstrated by the appearance of fibrotic tissues at the site of attachment (Fig. 3A) . Moreover, necrosis of the epithelial cells was detected at the host-parasite interface (Figs 3B, D, E; 4E). Vacuolation inside and outside the host cells was also demonstrated (Fig. 4C, E) . Sections at the site of attachment showed that individuals of M. clarii insert the pointed hooked regions of their hamuli into the gill tissue of the host causing perforations and damage in the interlamellar epithelium (Fig. 3D) . In some occasions, the pointed hooked regions of the hamuli were observed to penetrate the epithelial cells of the gill filament in the region free of the gill lamellae (Fig. 3E) . Infiltration of erythrocytes was also observed (Fig. 4E) .
The host response to M. clarii infestation is represented by the following features: mucoid secretions, appearance of lymphocytes (Fig. 4C) , and hyperplasia of the gill tissue at the site of attachment (Fig. 3A, E) . At the site of attachment of the parasite to the gill tissues, more probably gland cells were encountered in the outermost epithelial layer covering the gill lamellae and in the interlamellar epithelium close to the haptoral tissues (Figs 3B, D; 4E ).
Discussion
Examination of attached living specimens of Macrogyrodactylus clarii and serial sections, through the region of attachment, stained with haematoxylin and eosin and toluidine blue revealed that few specimens of M. clarii were attached to the distal region of the gill filament (primary gill lamella). However, the majority of parasites attach their haptors to the inner surface of the proximal region of the gill filament between the outer and inner hemibranchs of the same gill arch. Attachment to the gill filament in this way may provide some shelter from the host's gill ventilating current. El-Naggar et al. (2001b) studied the movement patterns of M. clarii and reported that the head region of the worm performs a scanning movement from the distal region to the proximal region of the gill filament and vice versa. Attachment of the haptor to the proximal region of the gill filament may enable the worm to perform such movement.
Attachment of the haptor of M. clarii was achieved mainly by the blades of the hamuli, but no evidence was found to indicate that the marginal hooklets participated in attachment. The contribution of the marginal hooklets in the process of attachment of monogenean parasites seems to be minor if compared with that of the relatively massive hamuli and it is difficult to understand why they persist (Kearn 1998) . Llewellyn (1963) suggested that the marginal hooklets of most monogeneans play an important role in attachment only in the larval stage, while in the adults this function is largely taken over by hamuli. El-Naggar et al. (2001a) recorded that the marginal hooklets play no role in the attachment of Cichlidogyrus spp. infesting Oreochromis niloticus niloticus. Some authors demonstrated that the marginal hooklets contribute to attachment (for example Lester 1972 , Molnar 1972 , Cone and Odense 1984 , Ramadan et al. 1995 . Other authors reported that marginal hooklets are relatively unimportant in attachment (for example Harris 1983 , Arafa et al. 2003 . Arafa et al. (2003) demonstrated that few marginal hooklets of M. congolensis, a congeneric skin monogenean on the same host fish, were inserted into the skin of the fish host. However, Harris (1983) reported that the points of the hamuli of the oviparous gyrodactylid Oögyrodactylus farlowellae can extend from the tegument and become embedded in the skin of the catfish Farlowella amazonum, while the marginal hooklets seem relatively unimportant in attachment due to their small size and shallow penetration into the host skin. The author suggested that the marginal hooklets prevent the hamuli from turning about their longitudinal axis and tearing free of the host skin. On the other hand, Lester (1972) found that Gyrodactylus alexanderi uses the marginal hooklets to attach the haptor to the skin of Gasterosteus aculeatus. Also, Cone and Odense (1984) found that the marginal hooklets of Gyrodactylus salmonis infesting the gills and fins of Salmo gairdneri are the main attachment organs. El-Naggar et al. (2001a) found that the majority of Cichlidogyrus spp. infesting O. niloticus niloticus attach their haptors between two adjacent gill lamellae (secondary gill lamella) and a few worms attach their haptors to the gill filament. They reported that the dorsal and ventral hamuli were inserted into the gill tissue. In these dactylogyrids, the parasites use the hamuli to penetrate deeply into the tissue and can even reach the cartilage supporting the gill filament; the entire haptor of these worms is embedded deeply into the gill tissue (Said 2002 ). This type of attachment is different from that observed in Gyrodactylus spp., which is generally more superficial (Thoney and Hargis 1991) . Examination of toluidine-bluestained sections through the gills of C. gariepinus revealed that the hamuli of M. clarii penetrate into the interlamellar epithelium. However, there was no evidence for hamulus penetration into the cartilaginous tissue of the host gills. This observation indicates that attachment of the hamuli of M. clarii is relatively superficial resembling that reported in Gyrodactylus spp. by Thoney and Hargis (1991) .
The haptoral attachment of some monogeneans involves suction (Kearn 1964 , Harris 1982 , Arafa et al. 2003 or an adhesive haptoral secretion (Kearn 1965, El-Naggar and Kearn 1989) . Arafa et al. (2003) studied the mechanism of attachment of the monogenean M. congolensis to the skin surface of the Nile catfish C. gariepinus. The outline of the "footprint" left by the haptor led the authors to suggest that the parasite utilizes suction during attachment. According to Arafa et al. (2003) , suction appears to be created by raising the roof of the cupshaped haptor after insertion of the protruding tips of the hamuli. In the present study, M. clarii was observed to dislodge immediately when a fine needle was introduced beneath the haptor. Moreover, toluidine-blue-stained sections showed elevation of the gill tissue at the site of attachment in comparison to neighboring gill areas, free of monogenean attachment. These observations indicate that M. clarii may utilize suction during haptoral attachment. The role of lateral haptoral papillae in attachment is not precisely known, but it appears from sections examined that these papillae are enclosed between the lateral muscular flap and the tissue of the host indicating that they may assist the flap in producing a firm attachment to the host tissues.
Histopathological investigations in the present study have revealed that M. clarii causes some lesions at the site of attachment. The local effects of M. clarii comprised: breakdown of the epithelial tissue in the vicinity of the haptor, necrosis of the epithelial cells, vacuolation inside and outside the host cells, dysfunction and fusion of the gill lamellae, rupture of blood capillaries, infiltration of erythrocytes and degeneration and fibrosis of the interlamellar epithelium. It is also possible that the depression created by the margin of the haptor on the gill lamellae exerts a pressure on the wall of the blood vessels and subsequently may lead to a closure of these vessels. All of the previous changes appear to reduce the gill surface available for gaseous exchange. Several species of Gyrodactylus were reported to be effective pathogens to a broad spectrum of freshwater and marine fishes, including eels (Chan and Wu 1984) , salmonids (Cone et al. 1983 , Cone and Odense 1984 , Johnsen and Jensen 1986 , cyprinids (Yin and Sproston 1948) , clariids (Amatyakul 1972) , poeciliids (Turnbull 1956 ), gasterosteids (Lester 1972) and pleuronectids (MacKenzie 1970) . Kabata (1985) reviewed a variety of histopathological features induced by Gyrodactylus worms in tropical fishes. The author recorded epidermal hyperplasia and copious mucus production, which made the skin appear paler than normal. Cone and Odense (1984) found that heavy infection of rainbow trout with G. salmonis resulted in erosion, pale body colour, epidermal hyperplasia with zones of degeneration and necrosis, and an increased number of goblet cells.
Histopathological effects similar to those found in the present study were reported to be produced by monogeneans other than gyrodactylids. Hyperplasia and haemorrhage of gill tissue due to infection of Anguilla japonica with Pseudodactylogyrus have been reported by Chan and Wu (1984) . In similar parasite-host systems, injury of the respiratory epithelial cells, slight haemorrhage, vacuolation, degeneration of the gill lamellae and compression and even rupture of the basement membrane due to infection of O. niloticus niloticus with Cichlidogyrus spp. have been observed by El-Naggar et al. (2001a) .
Gyrodactylids and other monogeneans were previously reported to cause mortality of their host fish (Paperna et al. 1984 , Malmberg 1993 . However, Cone and Odense (1984) found that infection with four species of Gyrodactylus (G. adsperi, G. avoloni, G. bullatarudis and Gyrodactylus sp.) were not associated with any gross pathology. Similarly, Cusack (1986) reported that G. colemanensis did not influence the growth or survival of the fry of rainbow trout, Oncorhynchus mykiss and Cone and Cusack (1988) found no evidence of lesions in infections of G. colemanensis and G. salmonis on salmonids. Whether or not the histopathological effects produced by M. clarii influence the growth, survival and/or mortality of C. gariepinus still need to be studied experimentally.
The present study revealed that the host response to M. clarii is represented by the appearance of lymphocytes, mucoid secretions and hyperplasia of the tissue at the site of attachment. El-Naggar et al. (2001a) reported that the response of O. niloticus niloticus to cichlidogyrid monogenean comprised hyperplasia of the epithelium covering the free surface of the gill filament, production of mucus-secreting cells around the haptor and appearance of a few lymphocytes and rarely macrophages. Said (2002) reported that the common carp, Cyprinus carpio, shows a weak response to the presence of the monogenean Dactylogyrus anchoratus. The author attributed such a weak response to the commencement of infestation prior to the complete development of the host immune system, frequent translocation of the parasite among available attachment sites on the gills and subsequent short attachment duration at one microhabitat, or to the fact that individuals of D. anchoratus have a short life span which is too short to offer major provocation to the fish host.
The gills of C. gariepinus, heavily infected with M. clarii, were paler than normal. This feature might be produced by excess mucus, the function of which is not understood. However, there is a possibility that mucoid secretion forms a protective sheath against the invasion of ectoparasites and contains antibodies that prevent parasitic protozoans from attaching themselves to the host tissues (Spotte 1979) . Moreover, skin and gill secretions are obvious vehicles for chemical agents operating against monogeneans and it has been suggested that resistance may be associated with mucus secretion (Evans and Gratzek 1989) . The presence, in mucus scrapings from fish, of several biologically active substances such as immunoglobulins (St. Louis-Cormier et al. 1984 , Sakai 1992 , Buchmann and Bresciani 1998 , complement factors (Vladimirov 1971 , Harris et al. 1997 , Buchman and Bresciani 1998 , peptides (Yano 1996, Buchmann and Bresciani 1998) , lysosomes (Yano 1996) and various carbohydrates (Buchmann and Bresciani 1998) support the suggestion that mucus affects survival of invading monogeneans.
In infected and uninfected gills of C. gariepinus, probably gland cells were detected in the outermost epithelial layer covering the gill filament and in the outermost layer of the interlamellar epithelium and they were concentrated particularly in he site of attachment of the parasite to the gill tissues. These gland cells may be equivalent to the mucoid cells recorded by Molnar (1972) in the gill tissues of grass carp. Presence of numerous number of these gland cells at the site of attachment seems to be one of the host responses to infection with M. clarii.
